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(54) PROMOTER SEQUENCES EXPRESSED IN ANTHERS AND POLLENS

(57) An expression cassette for expression in plants
which allows a heterogenous gene to be specifically
expressed in anthers and/or pollen is provided. This
expression cassette contains a rice CatA gene pro-
moter having a sequence shown as SEQ ID NO: 1, or a
sequence which includes a portion thereof and which
has a promoter activity equivalent to that of the
sequence shown as SEQ ID NO: 1, and a site for insert-
ing a heterogenous gene such that the heterogenous is
expressibly linked to the promoter.

A recombinant plasmid containing a heterogenous
gene, and a method for introducing a heterogenous
gene into a plant by using a recombinant plasmid are
also provided.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the breeding
of a useful plant utilizing a promoter of a plant gene.
More specifically, the present invention relates to the
breeding of a useful plant by utilizing a promoter gene of
catalase gene A (hereinafter referred to as "CatA") from
rice.

BACKGROUND ART

[0002] It is known that an F1 hybrid (first filial gener-
ation) which is created through intercultivar crossing
may exhibit properties superior to those of its parents,
and this has conventionally attracted much attention as
a method of breeding crops. As for crops such as rice
which experience self-pollination, methods for creating
male sterile lines, whose pollen does not have fertility,
have been studied as one of the techniques necessary
for utilizing this property. Conventionally, a plant genetic
resource has been searched for male sterile lines, or
male sterile lines have been selected by inducing muta-
genesis. However, it is not easy to introduce such genes
into practical cultivars, and the applications are limited.
[0003] Recently, as a method utilizing biotechnol-
ogy, a method has been proposed in which a promoter
that induces expression in anthers and/or pollen is
ligated with a gene having a function of inhibiting the for-
mation of such organs (e.g., a gene coding for nuclease,
protease, glucanase, etc.) and is introduced into a plant,
whereby the formation of fertile pollen is inhibited (for
example, Marlani et al., Nature 347:737-741(1990)).
Alternatively, methods which involve transcribing an
anti-sense RNA of a gene to be expressed at the time of
formation of such organs, or introducing a ribozyme
which decomposes such mRNAs, by utilizing a pro-
moter which induces expression in anthers and/or pol-
len, are regarded as promising.
[0004] Several kinds of promoters of genes which
induce expression in anthers and/or pollen are known
for tomato, Arabidopsis thaliana, maize, and the like (for
example, Twell et al., Plant Physiol. 91:1270-
1274(1989); Paul et al., Plant Molecular Biology 19:611-
622(1992); Guerrero et al., Mol. Gen. Genet. 224:161-
168(1990)). However, there is a problem in that their
activity is too low to put them into practical use. Further-
more, in order to artificially control the formation of
anthers and/or pollen, it would be very useful if a pro-
moter which functions in any of the developmental
stages of these organs was isolated and characterized,
and a cassette containing a highly-active promoter
could be created.
[0005] Accordingly, it would significantly contribute
to the breeding of useful plants, including crops such as
rice, if a promoter for anthers and/or pollen which is
highly active and permits practical use could be

obtained from rice genes.

DISCLOSURE OF THE INVENTION

[0006] The present invention relates to the breeding
of a plant through genetic engineering techniques, and
has an objective of providing an expression cassette for
expression in plants and a recombinant plasmid which
contain a plant gene promoter having a high activity in
anthers and/or pollen, as well as a method for utilizing
the same.
[0007] The inventors found that the catalase A
(CatA) gene from rice exhibits a high promoter activity in
anthers and pollen, and accomplished the present
invention based on this information.
[0008] The present invention provides an expres-
sion cassette for expression in plants which allows a
heterogenous gene to be specifically expressed in
anthers and/or pollen. This expression cassette con-
tains a rice CatA gene promoter having a sequence
shown as SEQ ID NO: 1, or a sequence which includes
a portion thereof and which has a promoter activity
equivalent to that of the sequence shown as SEQ ID
NO: 1, and a site for inserting a heterogenous gene
such that the heterogenous is expressibly linked to the
promoter. Herein, the sequence shown as SEQ ID NO:
1 is a sequence including the 5' upstream region and
the first intron of rice CatA structural gene.
[0009] The present invention also provides a
recombinant plasmid for allowing a heterogenous gene
to be specifically expressed in anthers and/or pollen.
The recombinant plasmid contains a rice CatA gene
promoter having a sequence shown as SEQ ID NO: 1,
or a sequence which includes a portion thereof and
which has a promoter activity equivalent to that of the
sequence shown as SEQ ID NO: 1, and a heterogenous
gene which is expressibly linked to the promoter.
[0010] Furthermore, the present invention provides
a method for introducing into a plant a heterogenous
gene which is desired to be specifically expressed in
anthers and/or pollen. This method includes the step of
transforming a plant cell with the aforementioned
recombinant plasmid, and the step of redifferentiating
the transformed plant cell to obtain a plant body.
[0011] The aforementioned heterogenous gene
may be a gene which has a function of inhibiting the for-
mation of anthers and/or pollen. By using such a gene in
the aforementioned method, a male sterile plant can be
created. In the aforementioned method, the plant cell
may be either a monocotyledonous cell or a dicotyledo-
nous cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figure 1 is a schematic diagram illustrating the
preparation of plasmid CatA-GUS-∆0.
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Figure 2 is a diagram in which the activities of vari-
ous promoters are compared.

Figure 3 is a photograph showing a GUS tissue
staining result for an anther.

Figure 4 is a photograph showing a GUS tissue
staining result for pollen.

BEST MODES FOR CARRYING OUT THE INVEN-
TION

[0013] Hereinafter, the present invention will be
described in more detail.

(Isolation of rice CatA gene promoter)

[0014] Methods for isolating the catalase A (CatA)
gene from rice and the base sequence of the genomic
CatA gene including the promoter region according to
the present invention have been published by the inven-
tors in the proceedings of the 1992 meeting of JAPAN
SOCIETY FOR BIOSCIENCE, BIOTECHNOLOGY,
AND AGROCHEMISTRY: Journal of JAPAN SOCIETY
FOR BIOSCIENCE, BIOTECHNOLOGY, AND AGRO-
CHEMISTRY 66(3), 488(1992), and Higo et al., Plant
Molecular Biology 30:505-521(1996). However, the
presence or absence of CatA gene expression in
anthers and pollen, and the analysis of any transformed
rice have not been published.
[0015] Rice CatA gene promoter can be screened
from a genomic library of rice. A genomic DNA library of
rice (Rice Genomic Library) which is commercially avail-
able from CLONTECH Laboratories Inc., Palo Alto, CA
in the US can be used.
[0016] As a probe for the screening, rice CatA
cDNA which has been isolated by the inventors can be
used. Methods for isolating rice CatA cDNA and its base
sequence have already been published by the inventors
(Mori at al., Plant Molecular Biology 18:973-976(1992)).
[0017] First, a rice genomic gene library prepared
by using phage λ is transfected into E. coli so as to allow
plaques to form. Following a usual method, the plaques
are transferred onto a membrane such as nitrocellulose,
and then hybridized with a labeled probe for the screen-
ing. After the hybridization is completed, the membrane
is washed and subjected to autoradiography. DNA is
prepared from the phages which are confirmed to have
hybridized.
[0018] The prepared phage DNA is digested by a
combination of appropriate restriction enzymes, and the
digest is separated by agarose gel electrophoresis. The
separated DNA fragments are transferred onto a nylon
membrane, and allowed to hybridize with the aforemen-
tioned probe for the screening, and are screened on the
basis of signal intensities and differences in band pat-
terns.
[0019] It is presumable that the clones which give

the strongest signal contain the CatA gene, whereas
clones which give a weaker signal contain genes which
are similar to but are not CatA. Based on band pattern
comparison, clones in which a portion of their genes
has been deleted can be distinguished. Furthermore, by
creating a physical map of the clones based on band
patterns, clones in which the 5' upstream region of their
structural gene is about 1.5 Kbp long --which are pre-
sumed to constitute a promoter-- can be identified.

[0020] Thus, a complete CatA genomic gene can
be isolated.
[0021] By comparing the base sequence of the
CatA genomic gene against the base sequence of CatA
cDNA, a promoter region can be identified. In the case
where the genomic gene has introns, the promoter
sequence may include not only the 5' upstream region
of the structural gene but also regions such as the first
intron.

(Identification of promoter activity portions based on
GUS activity measurement)

[0022] Once the promoter region of the CatA gene
is identified, its sequence may be cut out and ligated to
an expression vector for expression in plants. In order to
evaluate the activity of the ligated promoter, a plasmid
may be prepared in which a reporter gene, such as a
gene which codes for an appropriate enzyme, is ligated
downstream of that promoter. This plasmid is intro-
duced into a plant cell, and the gene expression is
observed by measuring enzymatic activities, for exam-
ple. In the case where a plant is used as a host, it is
commonplace to take measurements by using a plas-
mid such as pBI221, for example, relying on the expres-
sion of β-glucuronidase (GUS) as an index. In the
present specification, too, a method of taking measure-
ments based on GUS expression is applicable.
[0023] GUS activity can be measured by basically
following the method of Jefferson et al. (EMBO J
6:3901-3907(1987)). Specifically, a protoplast extract
which is equivalent to a protein mass of 50 µg, 25 µl of
20 mM 4-methyl umbelliferryl glucuronide (4MUG), an
extraction buffer, and 100 µl of methanol for suppress-
ing any GUS-like activities inherent in plant tissue
(Kosugi et al., Plant Science 70:133-140(1990)) are
added, and after the total amount is adjusted to 500 µl,
an incubation is carried out at 37°C. Two hours later,
200 µl is collected from the reaction solution. To this, 0.8
mL of 0.2 MNa2CO3 is added to stop the reaction. With
a fluorospectrophotometer, 455 nm fluorescence is
measured by using 365 nm excitation light. The enzy-
matic activities are indicated in terms of 4-MU
pmol/min/mg protein.
[0024] Plasmids in which the GUS gene is fused
with various deletion mutants of the promoter region of
the CatA gene, e.g., the CatA gene promoter region
having been deleted to various lengths from the 5'
upstream side, are used to measure their promoter
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activities, whereby the portions required for this activity
and the like can be identified. Techniques for identifying
such active portions are known to those skilled in the
art. Therefore, for example, the present invention
encompasses those sequences which are obtained by
removing sequences not required for the CatA gene
promoter region and which have an activity equivalent
to that of the CatA gene promoter.

[0025] Once the CatA gene promoter region and its
active portions are identified, their sequences may be
further modified to enhance their promoter activity or
change their specificity with respect to the expressed
tissue. For example, the present invention encom-
passes a sequence which is obtained by partially modi-
fying the CatA gene promoter region or active portions
thereof and which still has an activity equivalent to that
before the modification.
[0026] A promoter region having the sequence
shown as SEQ ID NO: 1 specifically expresses its activ-
ity in anthers and/or pollen. Therefore, in the present
specification, an "equivalent" promoter activity means a
level of activity which is at least similar to the level of
activity of a reference promoter region, where the spe-
cificity of activity is also at least similar to the specificity
of activity of the reference promoter region. It should be
noted that the term "equivalent" is not intended to
exclude the case where the level and specificity of activ-
ity are significantly higher than those of the reference
promoter region. For example, "having a promoter activ-
ity equivalent to that of the sequence shown as SEQ ID
NO: 1" means that, when the GUS gene is expressed in
protoplasts under conditions similar to those described
in the following example of the present specification, the
GUS activity is about 50% or more, preferably about
70% or more, and more preferably about 90% or more,
of the GUS activity for the sequence shown as SEQ ID
NO: 1, and that the activity is specifically expressed in
anthers and/or pollen.
[0027] In the present specification, being "specifi-
cally" expressed in anthers and/or pollen means that a
genetic product of interest is expressed, in at least
either anthers or pollen, in an amount greater than in at
least one kind of other tissue or organ of the same plant
body. This means, for example, a genetic product being
expressed in anthers and pollen in a greater amount
than in a leaf blade in any portion of the same plant
body. The specificity of expression as described can be
evaluated by producing a transformed plant under con-
ditions similar to those described in the following exam-
ple of the present specification.

(Construction of an expression cassette and a recom-
binant plasmid as well as utilization of the same)

[0028] A sequence including the CatA gene pro-
moter region or active portions thereof that has been
confirmed to be active may be incorporated into an
appropriate expression vector for expression in plants.

At the 3' terminus side of this sequence having been
incorporated into an expression vector for expression in
plants, an appropriate linker sequence (e.g., a linker
having multiple cloning sites) is introduced, whereby an
expression cassette which is suitable for a plant host
can be produced. Accordingly, in the present specifica-
tion, a "site for inserting a heterogenous gene" means a
site which is included within a linker or a sequence
which functions similarly to a linker. The expression cas-
sette may include other regulatory elements as desired.
For example, a terminator sequence may be included in
order to improve the expression efficiency or the like.
The terminator sequence may be bound to the promoter
sequence via the aforementioned linker sequence hav-
ing multiple cloning sites.

[0029] A heterogenous gene which is intended to
be expressed is expressibly linked 3' downstream of the
promoter (e.g., at the multiple cloning sites) within the
aforementioned expression cassette for expression in
plants, whereby a recombinant plasmid is created. In
the present specification, a "heterogenous gene"
means any gene other than the CatA gene which is
endogenous to rice or other plants, or any gene which is
foreign to the plant, such that the expression of its
genetic product is desired in anthers and/or pollen.
[0030] By employing a thus-created recombinant
plasmid, a plant cell may be transformed. Tile transfor-
mation of the plant cell may be carried out by any meth-
ods known to those skilled in the art, e.g., a method
using Agrobacteria, or an electroporation method to
protoplasts. For example, the preparation of protoplasts
of a plant cell may be carried out by following the
method described in Kyozuka et al., Mol. Gen. Genet.
206:408-413(1987).
[0031] The transformed plant cell may be allowed to
redifferentiate by usual methods, so as to give trans-
formed plant tissue and eventually a plant body. In the
preparation of a recombinant plasmid to be used for the
transformation, the CatA gene promoter can be incor-
porated into a binary vector which is capable of being
expressed in both a bacterial host and a plant host, for
example. Such binary vectors are well-known to those
skilled in the art. For example, by using a vector of a pBI
system, including Agrobacterium expression systems, it
is possible to utilize the infection system of microorgan-
isms with respect to plants. By employing an appropri-
ate recombinant plasmid, the heterogenous gene of
interest can be introduced into any transformable plant,
including monocotyledons, e.g., rice, and dicotyledons,
e.g., tobacco.
[0032] As described above, the CatA gene pro-
moter can induce specific expression in anthers and/or
pollen. Accordingly, by employing as the heterogenous
gene a gene which has a function of inhibiting the for-
mation of anthers and/or pollen, it is possible to produce
a male sterile plant. In the present specification, "a gene
which has a function of inhibiting the formation of
anthers and/or pollen" includes a gene whose genetic
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product is capable of inhibiting the formation of fertile
pollen (e.g., genes coding for nuclease, protease, glu-
canase, etc.) and a gene which by itself exhibits a func-
tion of inhibiting the formation of anthers and/or pollen
(e.g., antisense RNA of an endogenous gene which is
expressed at the time of the formation of anthers and/or
pollen, and ribozymes which can decompose such
endogenous genes). Techniques for selecting male
sterile plants and breeding of plants using such selec-
tion are well-known to those skilled in the art.

[0033] The aforementioned preparation of trans-
formed plants may also be utilized for imparting plants
with traits other than male sterility. For example, by
employing a heterogenous gene coding for a toxic pro-
tein, it is possible to control insect pests or the like which
feed on pollen. Alternatively, by employing a heteroge-
nous gene coding for a protein which may become a
nutrient, it is possible to enhance the nutritive value of a
crop. The preparation of any useful plants which utilizes
specific genetic expression in anthers and/or pollen falls
within the present invention.
[0034] The present invention provides the use of a
practical promoter which is highly active in anthers
and/or pollen, from a rice gene. Accordingly, the present
invention may be utilized not only for the breeding of rice
but also the breeding of various other plants.

(Example)

[0035] Hereinafter, the present invention will be
described with respect to an example. However, the
scope of the invention is not limited only to the example.

1. Isolation of rice CatA genomic gene: screening from
a genomic library

[0036] A portion of CatA cDNA (Mori et al. (1992;
supra)) was used for cloning the CatA genomic gene.
An insert portion of a λ phage (clone No. 51), containing
a non-full length cDNA (1.35 Kbp at the 3' side, lacking
a total of about 0.45 Kbp including the 5' untranslated
region and some of the coding region, out of the full 1.8
kbp) which was obtained during the cloning process of
CatA cDNA, was amplified by PCR. From this phage,
DNA was prepared and used as a template. As primers
λgt11-Forward Primer and λgt11-Reverse Primer (Toy-
obo) primers were used. The product was purified with
Centricon-100 (Amicon), and adjusted to a concentra-
tion of 25 ng/10 µl, so as to be used as a probe for a
Multiprime labeling method (Amersham).
[0037] A genomic DNA library of rice (Rice
Genomic Library) which was commercially obtained
from CLONTECH Laboratories Inc., Palo Alto, CA in the
US was screened for the CatA gene. Following usual
methods, phage λEMBL-3 comprising this genomic
library was transfected into E.coli NM538 strain, and
phage plaques were allowed to form. The phage
plaques were transferred onto a nylon membrane, and

were allowed to hybridize with the aforementioned
probe under the standard conditions as follows. The
probe was labeled with 32P.

[0038] Hybridization solution: 6x SSC-0.1% SDS.
5x Denhardt's, 100 microgram/ml salmon sperm DNA;
hybridization temperature: 65°C; hybridization time:
overnight.
[0039] Next, the membrane was washed under the
following conditions. Washing conditions: 2x SSC-0.1%
SDS room temperature. 5 minutes plus 30 minutes: 1x
SSC-0.1% SDS; 68°C, 1 hour.
[0040] After the washing, the nylon membrane was
subjected to an autoradiography following usual meth-
ods, whereby the clones which had hybridized with the
probe were detected. From the phages which were con-
firmed to have hybridized, DNAs were respectively pre-
pared.
[0041] The DNAs of the aforementioned phages
were digested with a combination of two or three kinds
of restriction enzymes such as SalI and ScaI, and the
digests were separated by agarose gel electrophoresis.
The separated DNA fragments were transferred onto a
nylon membrane, and allowed to hybridize with the
aforementioned CatA cDNA fragment used as a probe.
The hybridization conditions were the same as above,
and the membrane was washed under the following
conditions. Washing conditions: 2x SSC room tempera-
ture, 5 to 10 minutes, twice, 2x SSC-0.1% SDS, 65°C,
30 minutes.
[0042] After the washing, the nylon membrane was
subjected to an autoradiography following usual meth-
ods, whereby the DNA fragments which had hybridized
with the probe were detected.
[0043] There was a group of clones which had sub-
stantially the same signal intensity and band pattern,
and therefore were presumed to have the same struc-
ture, as well as clones whose band patterns were only
partially identical.
[0044] The clones which had substantially identical
signal intensities and band patterns are considered to
correspond to the CatA gene. The clones which lacked
portions of the band patterns are considered to be
clones whose CatA gene is partially deleted. The clones
which had weak signals are considered to be genes for
other catalases (isozymes) which have similar struc-
tures to that of CatA.
[0045] Through a detailed Southern analysis, an
analysis of partial base sequences, a PCR analysis
based on the CatA cDNA base sequence, etc., a clone
λEM74/81 was obtained, in which the gene correspond-
ing to CatA cDNA as well as an about 1.5 Kbp sequence
5' upstream thereto (which was presumably the pro-
moter region) were contained.
[0046] The insert portion of clone λEM74/81 was
cut out through HindIII and EcoRI digestion, and
inserted into a sequencing vector designated pBlue-
script II KS+ or SK+ (Stratagene, CA). A number of
plasmids including gradual deletions from the 5' side or
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the 3' side were prepared and their base sequences
were determined. A 4,670 bp sequence was deter-
mined, its full sequence being shown as SEQ ID NO: 2.

[0047] The base sequence of the genomic CatA
gene has been published by the inventors (Journal of
JAPAN SOCIETY FOR BIOSCIENCE, BIOTECHNOL-
OGY, AND AGROCHEMISTRY (1992; supra); and Higo
et al. (1996; supra). A sequence of 4,670 bases from
the HindIII restriction site to the EcoRI restriction site as
shown in Figure 1 has been registered in DDBJ, an
international DNA base sequence data base (Acces-
sion No. D29966). A sequence of 4,676 bases, which
additionally includes a preceding HindIII recognizing
sequence and a succeeding EcoRI recognizing
sequence, has been published in Higo et al. (1996;
supra).

2. Preparation of a recombinant plasmid having the
CatA gene promoter

[0048] The CatA gene obtained in 1. above was
4,670 bp long. It was found that the first exon exists at
positions 1,560 to 1,605 of SEQ ID NO: 2; the second
exon exists at positions 1,894 to 2,694 of SEQ ID NO: 2;
the third exon exists at positions 2,781 to 3,380 of SEQ
ID NO: 2; the fourth exon exists at positions 3,730 to
4,117 of SEQ ID NO: 2; and that the first to third introns
exist between these exons.
[0049] Based on this sequence information, a
region which is presumed to be the promoter can be cut
out.
[0050] Figure 1 shows the preparation of a plasmid
CatA-GUS-∆0, which contains the rice CatA gene pro-
moter.
[0051] Clone λEM74/81 was digested with Eco52I
and blunt-ended, and then digested with HindIII, and
subjected to agarose electrophoresis to recover an
about 1.9 Kbp fragment. A fragment having a sequence
from position 1 to position 1901 of the insertion
sequence within clone λEM74/81 was obtained. This
fragment contained a sequence upstream of the first
exon, the first intron, and a portion of the second exon.
The 5' end of the fragment was the HindIII site, and the
3' end was a blunt end.
[0052] pBI221, an expression vector for expression
in plant cells (CLONTECH Laboratories Inc., Palo Alto,
CA) includes the cauliflower mosaic virus (CaMV) 35S
promoter, the β-glucuronidase (GUS) coding region,
and the nopaline synthase terminator (NOS-T). This
pBI221 was digested with HindIII and SmaI, and the
larger fragment was recovered. This larger fragment
was a fragment of pBI221 in which the 35S promoter
region of CaMV had been deleted. This fragment was
linked to a fragment having the sequence from position
1 to position 1901 of the aforementioned insertion
sequence within clone λEM74/81, whereby CatA-GUS-
∆0 was produced. This method has already been pub-
lished by the inventors together with the base sequence

of the CatA gene (Higo et al. (1996; supra)).

3. Transformation of rice cultured cell protoplasts and
expression of the GUS gene

[0053] The plasmid obtained in 2. above was intro-
duced into the protoplasts of rice cultured cells (Oc
cells), in the manner described in Higo et al. (1996;
supra). As a control, pBI221 was used.
[0054] The method for preparing protoplasts from
rice cultured cells (Oc cells), transformation of proto-
plasts by electroporation, and measurement of GUS
gene expression using a protoplast extract were carried
out following the manner described in Higo et al. (1996;
supra).
[0055] The results are shown in Figure 2. According
to these results, the CatA gene promoter exhibited an
activity which is about 1.5 times higher than that of the
control, i.e., CaMV 35S promoter.

4. Preparation of transformed rice (T0 generation)

[0056] By using CatA-GUS-∆0 plasmid, which was
confirmed to have a high activity in the protoplasts of
rice cultured cells (Oc cells) in 3. above, rice was trans-
formed in the following manner.
[0057] Basically following the method of Akagi et al.
(Mol. Gen. Genet. 215:501-506(1989)), suspension
cells were established from a rice plant (cultivar:
Kinuhikari). Then, protoplasts were prepared from the-
ses suspension cells. The plasmid was introduced by an
electroporation technique (basically according to Tada
et al., Theor. Appl. Genet. 80:475-480(1990)) into the
protoplasts. The protoplasts were redifferentiated (basi-
cally according to Fujimura et al., Plant Tissue Culture
Lett. 2:74-75(1985)). After selection based on GUS
staining, transformed rice plants were obtained. The
details are described below.

1) Callus induction from rice scutella

1.1) A medium was prepared as follows:

[0058]

 To an MS basic medium, 2 ppm 2, 4-D, 0.1%
casein hydrolysate, and 3% sucrose were added,
and the medium was adjusted to pH5.5.  1%
agar was added to the medium and the medium
was autoclaved.  The medium was dispensed
into deep φ9 cm petri dishes (about 40 ml/dish)
within a clean bench.

1.2) Seeds were sterilized as follows:

[0059]

 Kinuhikari seeds were husked, and the brown
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rice grains were taken out.  The brown rice
grains were placed in a 50 ml beaker, and
immersed in 70% ethanol for 30 seconds.  The
brown rice grains were rinsed three times in tap
water.  The brown rice grains were sterilized in
5% sodium hypochlorite (with a few drops of Tween
20 added) for 20 minutes.  The brown rice grains
were rinsed three times in sterilized water.  The
brown rice grains were placed on an agar medium
by using tweezers (9 grains/φ9 cm petri dish).
The brown rice grains were cultured at about 300
lux, 26°C for about 1 month.

2) Establishment of suspension

2.1) A medium was prepared as follows:

[0060]

 To a basic medium including R2 inorganic salts
and B5 vitamins, 1 ppm 2,4-D, 3% sucrose, and
0.3% casein hydrolysate were added, and the
medium was adjusted to pH5.5.  20 ml of the
medium was dispensed into 100 ml culture flasks,
and sterilized in an autoclave.

2.2) A suspension was established as follows:

[0061]

 Friable calli derived from the scutellum of a
mature seed were transferred into a liquid medium.

 The flask containing the calli was rotated at 80
rpm at 26°C under weak light.  On the third day
following transfer, the medium was exchanged with
a fresh one.  The culture was continued for 4
more days.  Using a callus culture pipet, the calli
were dispersed, and only the actual callus portions
were transferred.  The calli were transferred on a
fresh medium every week.

3) Introduction of the gene into protoplasts

3.1) An enzyme solution was prepared as follows:

[0062]

 4g of Cellulase onozuka RS, 1 g of Macerozyme
R-10, 0.5 g of CaCl2 g 2H2O, and 7.28 g of Manni-
tol were placed in a 100 mL beaker and mixed.
Water was added to the mixture, and the mixture
was stirred with a stirrer to effect dissolution.
The mixture was adjusted to pH5.5, and filled up to
100 mL.  After leaving the mixture at 37°C for 20
minutes, the mixture was centrifuged at 12000 rpm
for 15 minutes.  10 mL of supernatant was dis-
pensed into each centrifuge tube, which was sealed
with a Parafilm, and frozen and preserved.  The

supernatant was dissolved in a hot water bath, and
subjected to filtration sterilization.

3.2) Protoplast was isolated as follows:

[0063]

 Suspension cells available on the fourth day of
culture were used.  Using a callus culture pipet,
only the suspension cells (about 10g) were trans-
ferred to a 100 mL flask with 10 mL of the enzyme
solution.  The flask was left for 5 hours in an
incubator at 27°C.

3.3) The protoplasts were purified as follows:

[0064]

 The flask was lightly rotated so as to allow the
cells at the bottom to float.  The floating cells
were quickly decanted onto a 155 µm mesh.
The mesh was slightly shaken up and down to wait
for the enzyme solution to completely pass through.

 The filtrated enzyme solution was directly
decanted out of the beaker onto a 77 µm mesh.
The mesh was slightly pulled up, so as to allow the
enzyme solution to pass through.  The filtrated
enzyme solution was again decanted onto a 31 µm
mesh.  The mesh was slightly pulled up, so as to
allow the enzyme solution to pass through.  The
enzyme solution was transferred from the beaker
into a centrifuge tube by dacanting.  A centrifu-
gation was performed at 600 rpm for 1 minute.

The supernatant was transferred into a new cen-
trifuge tube with a disposable pipet. A centrifuga-
tion was performed at 900 rpm for 3 minutes. The
supernatant was discarded. 0.4 M glucose was
poured into the centrifuge tube along its wall, and
the protoplasts were suspended. A centrifuga-
tion was performed at 900 rpm for 3 minutes. The
supernatant was discarded. AA buffer was
poured into the centrifuge tube along its wall, and
the protoplasts were suspended. A centrifuga-
tion was performed at 900 rpm for 3 minutes. The
supernatant was discarded. A small amount of
AA buffer was poured into the centrifuge tube along
its wall. The protoplasts were counted by using a
hemocytometer. The fluid amount of the proto-
plast suspension was measured.  The protoplast
density was adjusted to 1 ×107 cells/mL by using
AA buffer, wherein the AA buffer was as follows: 35
mM K-Asparatic acid, 5 mM Ca-Gluconate, 5 mM
Mg-Asparatic acid, 5 mM MES, 0.4 M mannitol,
pH5.8 (adjustment is unnecessary).
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3.4) The gene was introduced as follows:

[0065]

 An electroporation chamber was sterilized with
70% ethanol.  The plasmid (1 µg/µL) which had
been dissolved in TE was added to the protoplast
suspension. The final concentration of the added
plasmid was as follows: 50 µg/mL of HPT2 (hygro);
and 100 µg/mL of CatA-GUS-∆0. The structure of
the plasmid HPT for hygromycin selection has been
reported (Tada et al., Theor. Appl. Genet. 80:475-
480(1990)).  The test tube was placed upright on
ice, and left for 20 minutes.  The protoplasts were
transferred into the chamber.  Electricity which
had been charged in a capacitor was discharged.
The discharge conditions were: 880 µF, 475 V/cm:
and the time constant was about 30 msec.  After
the protoplasts were left for 10 seconds or more,
they were recovered into a centrifuge tube.  The
protoplasts were left at room temperature for 20
minutes.

3.5) Protoplasts were cultured as follows:

[0066]

 The protoplasts were centrifuged at 900 rpm for
3 minutes. The supernatant was discarded.  c-
med was poured into the centrifuge tube along its
wall, and the protoplasts were suspended. The pro-
toplasts were adjusted to 1× 106 cells/ mL with c-
med. Only the medium was recovered from the sus-
pension on the third day c-med culture, and the
floating matter was removed at 12000 rpm. To 40
mL of the medium, 200 µL of 2,4-D (100 ppm), 400
µL of B5 vitamins, and 5.46 g of sucrose were
added, and adjusted to pH4.3. The medium was
frozen and preserved. The medium was thawed
immediately before use, and subjected to filtration
sterilization.  750 µL of the culture was dis-
pensed in each coating dish (Falcon #3002).
The culture was spread over the entire dish by
using a Conradi stick.  The dish was sealed with
a Parafilm.  The dishes were placed in a Tupper-
ware. In order to prevent the culture from drying, a
beaker or the like containing water was also
included in the Tupperware.  The culture was
incubated in a dark place at 27°C.

4) Regeneration of transformed plants

4.1) The transformed cells were selected and grown as
follows:

[0067]

 On the 14th day of culture, 600 µL of a GI

medium was added. The GI medium was obtained
by adding 2 ppm 2,4-D 0.4 M glucose to an R2
medium and adjusting it to pH4.9.  In order to
select hygromycin-resistant call, 50 µg/mL of hygro-
mycin was added to the GI medium.  Two weeks
after the addition of the GI medium, the calli that
had grown were transferred onto a GII agar
medium. The GII agar medium was obtained by
adding 2 ppm 2,4-D, 3% sucrose to an R2 medium,
adjusting it to pH4.9, and thereafter adding 1% agar
to the medium and autoclaving it, 10 mL of the
medium being dispensed into each φ 9 cm × 10 mm
petri dish.

4.2) The transformed plant was regenerated as follows:

[0068]

 A medium containing N6 inorganic salts, B5
vitamins, 3% sucrose, NAA 1 ppm, kinetin 4 ppm,
3% sorbitol, and 0.03% casein hydrolysate was
adjusted to pH5.8. 1.5% agar was added and the
medium was autoclaved.  The medium was dis-
pensed into deep φ90 mm × 20 mm plastic petri
dishes (40 mL-50 mL/dish) within a clean bench.

 The calli which had grown to a diameter of about
3 mm were transferred onto the agar medium.
About 20 calli were placed on each dish.  The
calli were cultured at 27°C under continuous light of
3000 lux. Plants were regenerated in about 4
weeks.  Among the plants which had differenti-
ated on the differentiation medium, those which had
shoots grown to about 3 cm long were transferred
into Magenta-type vessels with its roots. Nine
shoots were transferred into each box. The medium
was obtained by adding 1% sucrose to a 1/2 MS
medium and adjusting it to pH5.8. After adding
0.15% Gelrite and thermally melting the medium,
50 mL of the Gelrite was dispensed into each
Magenta-type vessel and autoclaved.  The
shoots with roots were cultured at 27°C under con-
tinuous light of 10000 lux.  In about a week,
shoot tip ends entirely reached the lid. In some
cases, divalent cations in the medium may be lost
so that the medium may become liquidized.

[0069] The redifferentiated individuals (T0 genera-
tion rice) obtained in the aforementioned manner were
transferred into a pot. Among the grown-up individuals,
those in which GUS had been expressed were selected,
as determined by GUS tissue staining of their leaves.
[0070] The GUS staining for selecting the trans-
formed plants was performed in the following proce-
dure:  A staining solution containing 1 mM X-Gluc, 50
mM sodium phosphate buffer (pH7.0), and 10% Me-OH
was prepared.  500 µL of the staining solution
obtained from  was dispensed in each of 2 mL micro-
tubes.  Slices of leaves of the regenerated plants
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were placed in the microtubes.  The microtubes were
incubated at 37°C for 24 hours.  Chlorophyll was
removed with 70% Et-OH.  The rice plants which had
been GUS-stained were selected.

[0071] Thus, 15 individuals of T0 generation rice
plants in which GUS was expressed in their leaves were
selected, and their seeds collected (T1 generation
seeds).

5. PCR selection of T1 generation rice plants

[0072] Among the 15 lines obtained in 4. above, the
unhulled T1 seeds of 10 lines were treated with 1% anti-
formin for 1 hour, and thereafter immersed in tap water
for 2 days, and sown on granular soil (BONSORU No. 1,
Sumitomo Chemical). From the leaf blades of the seed-
lings, DNA was extracted by using ISOPLANT (Nippon
Gene). Using the extracted DNA as a template, a PCR
was carried out, with a primer F1813 (5'-CATGGCT-
GGTTGATTCAGC-3': a sequence within the CatA first
intron) and a primer R2368 (5'-CGTCGGTAATCACCAT-
TCC-3': a sequence within the GUS gene coding
region), to examine whether or not the introduced DNA
sequence was present. PCR's were carried out by using
AmpliTaq Gold (Perkin Elmer), a DNA polymerase. The
reaction conditions were as follows: after performing a
treatment at 94°C for 12 minutes, 35 cycles were per-
formed, each cycle consisting of a treatment at 94°C for
1 minute, a treatment at 55°C for 2 minutes, and a treat-
ment at 72°C for 3 minutes.
[0073] The reaction solution was subjected to elec-
trophoresis in 1% agarose, stained with ethidium bro-
mide, and irradiated with ultraviolet light, whereby the
presence/absence and size of any PCR products were
determined. Thus, the T1 generation plants in which the
gene had successfully been introduced were selected.
[0074] In order to confirm whether or not the intro-
duced GUS gene was being expressed, the GUS activ-
ity of the leaf blades of the T1 plants was examined by
the following GUS tissue staining method.
[0075] As the method of GUS tissue staining for rice
leaf blades for observing GUS activity, a method was
carried out which was partially modified from a method
described in "EXPERIMENTAL PROTOCOLS FOR
OBSERVING PLANT CELLS: FROM GENE EXPRES-
SION TO INTRACELLULAR STRUCTURE AND FUNC-
TION"; Cell Technology special edition, Plant Cell
Technology series 62-3; METHOD FOR DETECTING
GUS ACTIVITY AT THE CELLULAR LEVEL (Misa
TAKAHASHI, Hiromichi MORIKAWA) pp.71-79 (super-
vised by Hiroo FUXUDA, Mikio NISHIMURA, Kenzo
NAKANURA).
[0076] The procedure was as follows:  X-Gluc
solution [100 mM phosphate buffer (pH 7.0), 1 mM X-
Gluc, 0.3 mM potassium ferricyanide, 0.3 mM potas-
sium ferrocyanide, 0.2% Triton-X100] was prepared.
500 µL of the X-Gluc solution was dispensed in each
well of a 24-well titer plate.  Each tissue sample or

slice of the rice plants was placed in a well, and treated
at 28°C for 16 hours.  The X-Gluc solution was
removed, and a decolorization was performed with 70%
ethanol.  The 70% ethanol was removed, and the tis-
sue sample or slice was immersed in a 50% glycerol
solution.  A microscope or a stereoscopic microscope
was used for observation.

[0077] The T1 generation plants were divided into
groups according to the expression level of the GUS
gene in their leaves. The seeds of the plants which
showed a high expression level in their leaves were col-
lected (T2 generation seeds).

6. Sowing of T2 seeds, PCR selection of transformants,
and GUS tissue staining

[0078] The unhulled seeds of the T2 transformants
were treated as mentioned above and sown. DNA was
extracted from the leaf blades of their seedlings in the
aforementioned manner, and a PCR was carried out to
determine whether or not the introduced DNA sequence
was present. It was confirmed that about half of the T2
plants examined were transformants having the intro-
duced GUS gene.
[0079] In order to confirm whether or not the intro-
duced GUS gene was being expressed, the GUS activ-
ity of the leaf blades of the seedlings of the T2 plants
was examined in the aforementioned manner. For all of
the T2 transformants in which the presence of the GUS
gene had been confirmed by PCR. GUS activity was
observed in their leaf blades. The plants in which the
GUS gene expression was confirmed in their leaf
blades were allowed to continue growing, and their
anthers were collected during a flowering stage to
examine the GUS activity in the anthers and pollen.
[0080] The results are shown in Figures 3 and 4.
The GUS activity as examined by collecting anthers dur-
ing a flowering stage indicated a higher GUS activity
than in the leaf blades. As a result of the observation of
anthers and pollen by microscope, it was found that the
anther walls (Figure 3) and the interior of the outer coat
of pollen (Figure 4) had been stained blue due to GUS
activity.

INDUSTRIAL APPLICABILITY

[0081] The CatA gene promoter according to the
present invention has a very high activity in anthers and
pollen. Accordingly, the present invention is useful for
the breeding of plants, e.g., rice, through genetic engi-
neering of anthers and/or pollen.

Claims

1. An expression cassette for expression in plants
which allows a heterogenous gene to be specifi-
cally expressed in anthers and/or pollen, the
expression cassette for expression in plants com-
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prising:

a rice CatA gene promoter having a sequence
shown as SEQ ID NO: 1, or a sequence which
includes a portion thereof and which has a pro-
moter activity equivalent to that of the
sequence shown as SEQ ID NO: 1: and
a site for inserting the heterogenous gene such
that the heterogenous is expressibly linked to
the promoter.

2. A recombinant plasmid for allowing a heterogenous
gene to be specifically expressed in anthers and/or
pollen, the recombinant plasmid comprising:

a rice CatA gene promoter having a sequence
shown as SEQ ID NO: 1, or a sequence which
includes a portion thereof and which has a pro-
moter activity equivalent to that of the
sequence shown as SEQ ID NO: 1; and
a heterogenous gene which is expressibly
linked to the promoter.

3. A recombinant plasmid according to claim 2,
wherein the heterogenous gene has a function of
inhibiting the formation of anthers and/or pollen.

4. A method for introducing into a plant a heteroge-
nous gene which is desired to be specifically
expressed in anthers and/or pollen, the method
comprising the step of:

transforming a plant cell with the recombinant
plasmid according to claim 2; and
redifferentiating the transformed plant cell to
obtain a plant body.

5. A method according to claim 4, wherein the heter-
ogenous gene has a function of inhibiting the for-
mation of anthers and/or pollen:

6. A method according to claim 4 or 5, wherein the
plant cell is a monocotyledonous cell.

7. A method according to claim 4 or 5, wherein the
plant cell is a dicotyledonous cell.
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